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Calculation of frequency response function of bolted frame structures
under non-uniform preload
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Propulsion Systems Under the Ministry of Education, Northeastern University, Shenyang 110819, P. R. China)

Abstract: Many frame structures in mechanical equipment are assembled using bolts, and variations in bolt
preload can significantly affect the vibration characteristics of these structures, such as the frequency response
function (FRF). This paper presents a method for calculating FRF of frame structures considering non-uniform
bolt preload, based on the finite element method. A calculation formula suitable for FRF of bolted frame structures
is derived based on the definition of FRF and the principle of modal superposition. By using the ANSYS platform,
the simulation of bolt non-uniform preload and the extraction method of stiffness and mass matrices for frame
structures with non-uniform preload are elaborated, catering to the FRF calculation requirements. The calculation
procedure of FRF of bolted frame structure using ANSYS and Matlab is presented. A case study involving a frame
structure with four connecting bolts is carried out to validate the proposed FRF calculation method. On this basis,
the influence of bolt preload on the FRF of the frame structure is also analyzed through experiments and

simulations. Results show that natural frequency and peak values of FRF increase with higher bolt preload.
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Fig.1 Frame structure with bolted connections

P 2 (1) A5 S HE S 55 1 19 057 7% 451 ) bR BSCHE B H
H'= %—(KF—walwc) . (2)
[ AEHE T3 (1), AR A5 T S A ATE 22 25 1 452 2 i A0 0 [ A 030 3 A R AF 7 72
’KF—(a)f)zMF Pr=0(r=12n). (3)

ol Tl of 23l R HEZR S5 R 56 [ 18] A 0 AN B S R 78 5 n Ry VBB
3 (3) KA AR AL ) T A8 48 Sy 1E U4 2L ™, 1) T 2 DU 4 20 06 =2 (2) I 52 7% 4645 31
(p™) o™
K™ -’ M™ + i ™
A K™ O™ A R RS R AR A L R e R N (o ) 28 ol (EF R r B RE ) s M ™
Ay PR JE R
T S s 2 A W R BRI 8 H A SR b BB — VR I S R — R N R IR L T LAAE AT
] bR SR TR, U SR A R ESCRE B H T v 5 S Rl A G i a5 A X N 1) A8 bR T 2R RIS R
fife =X Ay

H'= (4)

Mo F F
F: (0"71(0”-/ (5)

i 2 . ©
T (0f) +2iEf 0wl - o’

ol Aol 4300 R 55 v B BEAS FE T A5 RIS A IR PR (R 5 H ) R AR R R HT RS ) T R s, Kon R
MR SEE .

FH 2 (5) 3 F3HE 2 485 1y 1 450 ) o 45, 5 22 o 0 4K 1 5 52 o D00 5k AE X 7 ) 380l A N A iR A, LR S
SE il AN R S TE AT B TR AR v (7 5 G 5 R X L 14 S Bl A 1 A BRSO A I T B AR AR R 8 )
BT 1 T HE SR 485 A0 1 R A KT B A MRS B RS PR L &




578 MR Z R, FAEH QTRE AAER T AR AR R M e & B0t B 35

2 EHUMREREMBERTERT E

T FLAE AR A9 A 2 5 U AE 2R A5 K A BR T 7 vk 2 B 55 T R BSOS o LU AR B A1 U B B4
DA B TN, 3RS 43 BT R R 1 B2 BB 45 A 5 110 A 45 ) TR A T D 3R
2.1 AR 5] TR B AR BBL LA R TR ) A R AR

TE ANSY S B $i HORE 445 1y 5 M 88 60 B K™ ML B B A I M° 227, 7 S AT AR 25 03 i, T ELoA T L
R TR TR RS T PRAT BN AR S T

DR TSR SEORS T Y MR A X P AE R A5 K Bl ) S BROTRE AL IR A 45 5 A g AR R AR R A HT 4R . WA 2
(a) FIr 7, 72300 73 WA IR R ok W2 A 22 432 45 5 308 J& 161 110 23 A1 I A9 1 75 T2 7 7 8w X, 9 5R P45 % 4 1 31 45U )
A6 3 73, [R) I o6 47 FRR A% Y I 2 ik 80 3k 11 DAy 22 FE B 90 B0 3 A it e 2 1l T 1N 5 4 A 2 P 8 TR R, o ] 2
(b) B, 3 B X 4> MR 25 5 IS U 3 2L floh X, 2% 26 fih X 7 ) S50 3 4 42 fnh 2 X0, BV 9l 2 46 R 0 Lk 1 T 2
RO 1] W1 AR, BAR SR N 0.2.1.1,0.3,

By WRREE A
HEHEA B ARt
s S B A
e Bt
() WRREE A AR FROTHLAL Ja) 8 WA R 43+ (b) MR HEESA A BR TR A

B2 BERESHMERTKREUREIMEL S

Fig.2 Finite element model and local mesh of bolt joint
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Fig.3 Pretension element
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Fig.4 Methods of matrix extraction and node number determination
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Fig.5 FREF calculation flowchart of non-uniform preload frame structures
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Fig. 6 Bolted frame structure and related test system
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Fig. 7 Overall dimensions of frame structure (unit: mm)
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Fig.9 Comparison of experimental and simulated FRF in y-direction under non-uniform preload conditions
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Table 2 Two non-uniform bolt preload conditions of frame structure
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Fig. 10 Simulation and measured results of the Sth order FRF of frame structure in y direction under working condition 1
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Fig. 11 Simulation and measured results of the Sth order FRF of frame structure in y direction under working condition 2
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